International Vournal of Engineering Technology and Management Sciences 


VVebsite: iyetms.in Issue: 7 Volume No.4 


November — 2020 DOL: 10.46647/1/etms.2020.v04107.001 


Application of Non-Linear Programming to Portfolio 

Management on some İnsurance Companies (ATCO, 

LINK AGE, NIGER, Mutual benefit and LASACO) 
using Return on Asset 


Olavvale Kolapo Steve Emiola), Musibau Abayomi Omoloye”, Christiana Uchechukvvu Arinze” 


12.3 Department of Statistics, Federal Polytechnic Offa, Kvvara State, Nigeria. 


"Stevemiola O fedpoffaonline.edu.ng 
2omoloye2011 € gmail.com 


Abstract — This study investigate non-linear programming 
problem that is, quadratic programming and its application to 
portfolio management. The data of return on asset of five 
different insurance companies namely: AIICO, LINKAGE, 
NIGER, MUTUAL BENEFTT, and LASACO insurance 
company vvas collected and a model vvas fixed. These data 
vvere analyzed using quadratic programming in conyğunction 
vvith LINGO softvvare. The result of the analyzed data 
revealed that the allocation of fund for each insurance 
companies should be done vvith the same percent for 
LINKAGE, NIGER, MUTUAL BENEFTT and other percent 
to AHICO insurance company respectively vvith increment of 
24676 on return. 


Keyyvords— Return on assets, insurance companies, portfolio 
management and model. 


Iİ. INTRODUCTİION 


Portfolio models are concerned vvith investment vvhere 
there are typically tvvo criteria: expected return and risk. 
The investor vvants the former to be high and the latter to 
be 1ovv. There is a variety of measures of risk. The most 
popular measure of risk has been variance in return 
introduced by 1121. Quadratic programming is 
computationally appealing because the algorithms for 
lincar programs can be applied to quadratic programming 
vvith only modest modifications. Loosely speaking, the 
reason only modest modification is required is the first 
derivative of a quadratic function is a linear function. 
Because LINGO has a general nonlinear solver, the 
limitation to quadratic functions is helpful, but not crucial., 


Quadratic programming is a unique case of mathematical 
optimization problem. İt is the problem of maximizing 
or minimizing a quadratic function vvhere the variables are 
subfect to linear constraints. Quadratic programming is 
used in portfolio optimization for the formulation of the 
mean-variance optimization of investments fudgments 
under uncertainty. 


Portfolio management, for an investor that has different 
assets to trade in, is choosing optimal investments, that is, 
hovv many shares of an asset should he/she buy and hold 
for him/her to maximize some criteria depending on his/her 
total vvealth and/or consumption. 

Return on assets (ROA) is a financial ratio that shovvs the 
percentage of profit a company earns in relation to its 
overall resources. It is commonly defined as net income 
divided by total assets, Net income is derived from the 
income statement of the company and it is the profit after 
taxes. The assets are read from the balance sheet and 
include cash and cash equivalent items such as receivables, 
inventories, land, capital equipment as depreciated, and the 
value of intellectual property such as patents. 

Portfolio is a collection or an aggregation of investments 
tools such as stocks, shares, mutual funds, bonds, cash etc 
İ41. Tt also indicate that the decision of future yet unknovvn 
1s premise on the information gotten from the past. 

151 Used return on invested capital to investigate hovv much 
Dangote can invest on three of his subsidiaries Viz. 
Dangote Cement, Dangote Sugar refinery and Dangote 
Flour given an amount available to him. 

H11 Used the quadratic approach to select the optimum 
portfolio of the Malaysian stock exchange and her 
framevvork deals vvith ten biggest firms posted on the stock 
exchange during 2014. The result shovvs that the optimum 
portfolio includes 22 96 of Axiata Group shares, 1196 of 
Genting shares, 30 76 of Petronas Chemicals shares, 196 of 
Sime Darbi shares and 36 96 of Tenaga Nasional shares. 


161 In his thesis used dividend payout ratio as a determinant 
to investigate hovv to make selection of Bank shares in 
three different Banks, vvhich are Zenith Bank, Guaranty 
Trust Bank pic, and First Bank plc. 

Hovvever, this study is vvorking on five (5) different 
insurance companies vvhich are AHCO Insurance 
Company, Linkage Insurance Company, LASACO 
Insurance Company, Niger Insurance Company and Mutual 
Benefit Insurance Company to investigate the percentage to 
invest on each company”s return on asset. 
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IL DATA PRESENTATION 


For the purpose of this vvork, abstraction from established 
published sources vvas used to collect data. The data used 
vvas already in existence but vvere extracted for the purpose 
of this vvork and explained briefly belovv. 


The table1: belovv shovvs the Percentage Return on Asset 
invested on Linkage insurance company, Mutual Benefit 
insurance company, Niger insurance company, AIICO 
insurance company and LASACO insurance company. 


Insura / 20 1 20 1 20 1:20 1 20 İ 20 120 120 120 20 
nce 08 109 İ10111 1712113114 115116 117 
comp 

any 

LINK 12 3 3 4 4. 13 3 3.13 3 
AGE İS 1 9 2 4 7 9 9 9 3 
MUT 12 2 3 3 3.13 3.13 2 2. 
UAL 15 0 1 5 0 0 6 3 8 7 
BENE 

FIT 

NIGE 10. İ1 1 1 1 2 11 2 2 2 
R 2 2 8 1 4 4 5 1 1 3 
AHIC 12. 03.12 12 0. 12. 10. İL 12. 11. 
o 2 7 6 2 9 6 7 3 1 1 
LASA /2. 13. /3. 13. 12. 12. 11 12. 13.11 
CO 6 1 6 1 4 0 8 3 1 6 


Source: Annual financial record on Return on asset of five 


(5) selected insurance compantfes. 


IH. DATA ANALYSIS 


An investor has fixed sum of money say K, to invest in five 
(5) insurance companies namely, Linkage, Mutual Benefit, 
Niger, ATICO and LASACO. 

The Portfolio problem is to determine hovv much 
money the investor should allocate to each insurance 
company so that total expected return is greater than or 
equal to some lovvest acceptable amount say T, and so that 
the total variance of future payment is minimized. 

Let Xı, X,, Xə, Xa, Xs designate the amount of money 
to be 

allocated to Linkage insurance company, Mutual 
Benefit insurance company, Niger insurance company, 
AHCO insurance company, and LASACO insurance 
company respectively and let Xi: denote the return per naira 
invested from invested from the investment i ( i — 1, 2, 3, 4, 
5) during the S period of time in the past (S £ 1, 2, 3, ... 
10). If the past history on return on asset is indicative of 
future performance, the expected future return per Naira 
from investment 1, 2,3,4,5 is 


Lo bis 
. ur” () 
And the expected return from five investments combines is 
EH- E:Xı -k E.X2 - EF:X3 -k E,XA -k E:X: (2) 
The portfolio problem modeled as quadratic programming 
İS 


Min R — ATCA 
Subiect to: Xı e Xə Xax XaAaXseN 
E X.r-E Xəz E X:- EX,.-EXs£K 


Xıc 0, X:£ 0, Xız 0, X,” 0, Xs Ü, vihere C is the 
covariance matrix vvhich is positive semi — definite 1.e. 


2 2 2 2 2 
Oh Ön OÖ3 On4 Öl 
2 2 2 2 2 
Ox On On On Ön 

Matri ME 2 2 2 2 : 

atrix C— Oy Öl) Oş Ökx ÖŞşİ, E is the 

2 2 2 2 2 
Oaq Oo OÖa3 On Öl 


2 2 
Oş Oş Oş On Öş, 


mathematical expectation, A is column Matrix “ 


...—.. 


Subiect to: Xı a Xə Xar XaAaXse-N 


E X.rE Xəz E X:- EX.rEX:£K 


Xız 0, Xəz 0, Xız 0, X,£ 0, Xsz 0. 
Hence obtain 

Min R c xı?rqı? 4“ xə76əə” r xa?sıs” F x4”s44” r 
xs70ss? — XıXə(oəı” k giz?) 4 XiX3 (esi? 4“ sis?) 
a XIXA (sqr” F si?) “ XIX (osi” k gi?) 4 
XoX3 (93z? F əş”) 4 XoXA (gaz? “ xu?) Fr XX 
(9527 4 eəs”)  XəXA (güş” k şa?) 4 XıX5 (953 
6357) a X.X: (7 54” “ 6457) -- (Xı a X,- Xr X, 
a X:- :) UNTTY 11.20 — (ExiXi) k ExoXə 
ExəX3 - Ex.X4 - ExaX4 - ExsX5 RETURN - ( 
Xı- 0.25 ) Xı FRAC z ( Xə? — 0.25) Xə FRAC 4 ( 
Xa-Ü. 25) Xə FRAC Hz (X: — 0.25) X: FRAC 


CALCULATED COVARIANCE MATRIX FROM 
MINTTAB 
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Matrix 


0.25 0.18 0.12 -0.20 0.03 

0.18 0.23 0.07 -—0.27 — 0.06 

Czi 0.12 0.07 10.45 -0.11 -—0.13 
—0.20 —0.27 -0.11 0.87 0.40 
— 0.03 — 0.00 —0.13 0.40 0.43 


Expected returns of return of asset for each insurance 
companies are 3.7196, 2.9576, 1.6196, 1.94, 2.569c 
respectively. The budget constraint investment portfolio 
optimization problem has five candidate assets (Xi, Xə, Xə, 
Xa,Xs) for our portfolio. 


A, MODEL 


Determine vvhat fraction should be devoted (or of the return 
on asset that the investor should have) to each insurance 
company, so an expected return of at least 2596 
(equivalently, a grovvth factor 1.25) is obtained vvhile 
minimizing the variance in return and not exceeding a 
budget constraint. 

It also impose a restriction that any given assets can 

constitute at most 2596 of the portfolio. The variance if the 
entire portfolio is, 
R-0.25X)? - 0.23X22 4 0.45X3?  0.87X4? 4 0.43X52 
0.18XıXə £ 0.12Xi)X3 — 0.20XiXA “ 0.03X)X5 4“ 0.07X:2X3 
— 0.27X:X, — 0.06X:X: — 0.11X:X, — 0.13X3X: 
0.40X:X5 


Since variance is a measure of risk, vve need to minimize, 
Hence 


MIN R 0.25Xı? 4 0.23X2? 4 0.45X3? 4 0.87XA? “ 0.43X5? 
- 0.18X:X2 - 0.12X:X3 — 0.20X:X4 “ 0.03X:X5: “- 
0.07XəX3 — 0.27XəXA — 0.06X2X: — 0.11X:XA — 0.13X:X5 
x 0.40X:X5 
Subiect to: 
VT starts vvith 71.00 
Xı- Xə? Xa X4- X:c 1 


I VVe vvant to end vvith at least 1.20 
3.71Xı 4 2.95 Xə 4“ 1.61X3 4“ 1.94XA “ 2.56X5 1.20 
1No asset may constitute more than 2596 of the portfolio 
Xı € 0.25 


Xə € 0.25 
XA, € 0.25 


The research employs LINGO softvvare to create the 
Lagrangian expression. The input procedure for LINGO 
requires the model be converted to through linear form by 
vvriting the first order conditions. To do this vve introduce 
Lagrangian multiplier for each constraint. There are seven 
(7) constraints, vve shall use seven (7) dual variables 
devoted respectively as UNITY, RETURN, XIFRAC, 
XəFRAC, XəFRAC, XAFRAC, X:5FRAC. 


The Lagrangian expression corresponding to this model is 
novv 


MIN R (X,, Xə, Xə, Xı, Xs) -0.25Xi” -- 0.23X27 4 0.45X3 
x 0.87X42 4 0.43X5? £ 0.18Xi)Xə H 0.12X)X3 — 0.20XiXA 
0.03XiX5 4 0.07X2X3 — 0.27X2X4 — 0.06X:X5 — 0.11X:X. — 
0.13X:X5 4 0.40X.X: F (Xır Xə EF Xızr XA XX: )UNİTY 
x 11.20 — (3.71X) 4 2.95 Xə 4 161X3 H 1394X4 
2.56X5)RETURN z ( Xı- 0.25 ) Xı FRAC z ( Xz — 0.25) 
Xə FRAC Hz ( Xs-—0. 25) Xa FRAC H (X: — 0.25) Xə FRAC 


Next to compute the first order conditions 


Lİ 
ə: c 0.5Xı r 0.18X? r 0.12X3 - 0.20XAı r 0.03X5 


UNTTY - 3.71 RETURN - Xı FRAC 0 


sö 
r z 0.18X) 4 0.46Xə  0.07X3 — 0.27XA - 0.06X5 


UNTTY - 7.95 RETURN-- X: FRAC 0 


öR 


aa. 0.12Xı r 0.07Xə £ 0.9X3 — 0.11X4 — 0.13X5 


UNTTY - 1.61 RETURN z- X FRAC 0 


Lİ 
Rəzi z -0.20Xı — 0.27X: — 0.11X3 r 1.74Xı r 0.40X5 


YUNTITY - 1.94 RETURN - X,FRAC”0 


8 
az - 0.03Xı — 0.06Xə — 0.13X$ -- 0.40Xı -- 0.86X$ 4- 


UNTTY - 2.56 RETURN zH x: FRAC 0 


öR 
BUNITYF — XI — Xəz Xə "P X.- X:-— 1 
ƏR Z 
BRETURN — 1.20 (ExıXı £ EkoXə£ EsəXə £ EsiXa “ EssXə) 


Adding the real constraints 
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XırX?rX3r X.Xszi 

3.71Xı 4“. 2.95X2 4 1.61X3 4“ 1.94XA H 2.56X5 1.20 

Xı “0.25 

Xə “€ 0.25 

Xa € 0.25 

X, “0.25 

Xs “0.25 

The final model is 

Min Xı “ Xo H Xı Hz X, 4 X: UNITY -4 RETURN - 
XıFRACH- Xə? FRAC 4 XəFRAC 4 XA/FRAC 4 X: FRAC 


1 First order condition for Xı: 


0.5xı . 0.18xə 4 0.12x3 — 0.20x4 F 0.03x5 — UNTTY - 3.71 
RETURN z XıFRAC 0 


1 First order condition for Xə: 


0.18X: F 0.46X2 - 0.07X3 — 0.27XA — 0.06X5 Fr UNITY - 
2.95 RETURN r XəFRAC 2-0 
1 First order condition for X3: 


0.12X)  0.07X2 4 0.93X3: — 0.11XA — 0.13X: r UNTTY - 
1.61 RETURN z Xə: FRAC 2-0 

1 First order condition for Xa: 
-0.20Xı - 0.27X2 - 0.11X3 4 1.74X, £ 040X: 4 UNTITY - 
1.94 RETURN zr X,FRAC 2-0 


1 First order condition for Xs: 


0.03X: - 0.06Xə - 0.13X3  0.40XA 4 0.86X5 £ UNITY - 
2.56 RETURN zz X:FRAC z-0 


bun Start of “real” constraints............ 

1 Budget Constraint, multiplier is UNITY. 
XırX.ərXır X4Xsel 

VGrovvth constraint, multiplier is RETURN: 

3.7Xı 4“ 2.95X2 4“ 1.61X3 F 1.94XA 4 2.56X5z- 1.20 


VMax Fraction Of Xı, multipliers is Xı FRAC: 
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Xı €.25 

Max Fraction Of Xə, multipliers is Xə FRAC: 
Xə € 25 

VMax Fraction Of Xə, multipliers is Xa FRAC: 
Xa €.25 

VMax Fraction Of Xq, multipliers is XA FRAC: 
X, € 25 

VMax Fraction Of X5, multipliers is Xə FRAC: 
Xs €25 
END 


QCP 7 


VI. RESULT OF THE MODEL OBTAINED FROM 
LINDO SOFTVYVARE 


AT 2096 
LP OPTIMUM FOUND AT STEP 5 
OBVECTITVE FUNCTION VALUE 


1) 1.000000 

VARIABLE VALUE REDUCED COST 
XI 0.200000 0.000000 
X2 0.200000 0.000000 
X3 0.200000 0.000000 
X4 0.200000 0.000000 
XS 0.200000 0.000000 
UNITY 0.000000 1.000000 
RETURN 0.000000 1.000000 
XIFRAC 0.000000 1.000000 
X2FRAC 0.000000 1.000000 
X3FRAC 0.000000 1.000000 
X4FRAC 0.000000 1.000000 
XSFRAC 0.000000 1.000000 


NO. TTERATITONS “5 


AT 2196 


LP OPTIMUM FOUND AT STEP 5 


OBVECTITVE FUNCTION VALUE 
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1) 1.000000 

VARITIABLE VALUE 
XI 0.210000 
X2 0.210000 

X3 0.210000 

X4 0.160000 

XS 0.210000 
UNITY 0.000000 
RETURN 0.000000 
XIFRAC 0.000000 
X2FRAC 0.000000 
X3FRAC 0.000000 
X4FRAC 0.000000 
XSFRAC 0.000000 


NO. TTERATIONS “5 


AT 2296 


REDUCED COST 


0.000000 


0.000000 


0.000000 


0.000000 


0.000000 


1.000000 


1.000000 


1.000000 


1.000000 


1.000000 


1.000000 


1.000000 


LP OPTIMUM FOUND AT STEP 5 


OB/ECTTVE FUNCTION VALUE 


1) 1.000000 
VARIABLE 
XI 
X2 
X3 
X4 
X5 
UNITY 
RETURN 


XIFRAC 


VALUE 

0.220000 
0.220000 
0.220000 
0.120000 
0.220000 
0.000000 
0.000000 


0.000000 


REDUCED COST 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
1.000000 
1.000000 


1.000000 
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X2FRAC 
X3FRAC 
X4FRAC 


XSFRAC 


0.000000 
0.000000 
0.000000 


0.000000 


NO. TTERATIONS “5 


AT 23 26 


1.000000 
1.000000 
1.000000 


1.000000 


LP OPTIMUM FOUND AT STEP 5 


OBVECTTVE FUNCTION VALUE 


1) 1.000000 


VARIABLE 


XI 

.. 

X3 

X4 

X5 

UNITY 

RETURN 
XIFRAC 
X2FRAC 
X3FRAC 
X4FRAC 


XSFRAC 


VALUE 
0.230000 
0.230000 

0.230000 
0.080000 
0.230000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 


0.000000 


NO. TTERATIONS “5 


AT 2496 


REDUCED COST 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

1.000000 

1.000000 

1.000000 

1.000000 

1.000000 

1.000000 


1.000000 


LP OPTIMUM FOUND AT STEP 5 


OB/ECTTVE FUNCTITON VALUE 


1) 1.000000 


VARIABLE 


XI 


VALUE 


0.240000 


REDUCED COST 


0.000000 
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X2 0.240000 0.000000 
x3 0.240000 0.000000 
X4 0.040000 0.000000 
X5 0.240000 0.000000 
UNITY 0.000000 1.000000 
RETURN 0.000000 1.000000 
XIFRAC 0.000000 1.000000 
X2FRAC 0.000000 1.000000 
X3FRAC 0.000000 1.000000 
X4FRAC 0.000000 1.000000 
XSFRAC 0.000000 1.000000 


NO. TTERATIONS “5 


Table2: The summary of the results yield the table belovv 
for the purpose of comparison and decisions 
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available fund by investors should be allocated to available 
investment open to investors. It determined that all return 
on asset of the insurance companies (Linkage, Niger, 
Mutual Benefit, LASACO and ATICO) contribute to the 
investor”s return. 

Finally, for a good product mixed or investment, equal 
percentage of investor”s capital should be invest on 
Linkage insurance company, Mutual Benefit insurance 
company, Niger insurance company , LASACO insurance 
company and other remaining percent should be allocated 
to AICO insurance company, so as to maximize the 
investor”s return. 


T XI X2 X3 X4 X5 Variance İ LP 
optimum 
step 

1.20 1 0.200000 1 0.200000 İ 0.200000 İ 0.200000 İ 0.200000 1 1.000000 1 5 

1.21 1 0.210000 1 0.210000 İ 0.210000 1 0.160000 İ 0.210000 1 1.000000 1 5 

1.22 1 0.220000 1 0.220000 İ 0.220000 1 0.120000 İ 0.220000 1 1.000000 1 5 

1.23 1 0.230000 1 0.230000 1 0.230000 1 0.80000 İ 0.230000 1 1.000000 1 5 

1.24 1 0.240000 1 0.240000 İ 0.240000 İ 0.40000 İ 0.240000 1 1.000000 1 5 


V. DISCUSSION OF RESULTS 


The increment that yield the minimum percent vvith mixed 
investment opportunity is 476. Hence the optimum solution 
to the model is Xız 2496, Xə z 2406, Xə 2406, Xa 407, 
and Xs — 2496 


TV. CONCLUSION 


This research shovvs hovv portfolio selection of return on 
assets of the five selected insurance company in Nigeria 
vvas used the past financial records of each insurance 
company for ten years. Also, it shovvs hovv allocation of 
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